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by using the alkaline phosphatase-digested samples, whereas nucleotides were determined on the untreated samples. Analyses were by anion-exchange chromatography. The column (25 cm x 4.6 mm) packed with Partisil 10-SAX resin was eluted at a flow rate of 1.5 ml/min with a phosphate gradient generated by an LKB Ultragrad instrument and delivered by a Waters Associates model 6000A pump. The sample was applied to the column via a Rheodyne 7120 loop injector fitted with either a 2Opl or lOOpl loop. The detection system was a Cecil Instruments CE212 spectrophotometer fitted with a lop1 flow cell.
The gradient, formed by mixing 0.03 M-KH,PO, with 0.6~-KH,PO,, was linear for 20min when the proportion of concentrated buffer was 30% and concave thereafter for the remaining 10min. The KH,PO, was Aristar grade, and the solutions were adjusted to pH4.6. The data shown in Fig. l(a) shows that throughout the 6h incubation period there was little change in the concentrations of ATP, CTP and GTP, and the content of UTP was also stable after the first hour. The stability of the ATP concentration and the ATPIADP and ATPIAMP ratios shows that the isolated hepatocytes are able to generate energy over the 6h period, whereas the preservation of the CTP, GTP and UTP concentrations demonstrates that this phosphorylation potential can be distributed to other nucleotides. The transfer of N-acetylglucosamine from UDP-N-acetylglucosamine to dolichol intermediates is inhibited by the antiobiotic tunicamycin (Takatsuki et al., 1975; Tkacz & Lampen, 1975 ). This step is essential in assembling the core region of oligosaccharide units, which are subsequently transferred to asparagine residues in a polypeptide chain (Waechter & Lennarz, 1976; Struck & Lennarz, 1977) . Although isolated hepatocytes synthesize and secrete plasma proteins (Jeejeebhoy et al., 1975 (Jeejeebhoy et al., , 1977 Crane & Miller, 1977) , most of which are glycoproteins possessing asparagine-linked oligosaccharide units, these studies involved labelling the polypeptide. By using primary cultures of hepatocytes, Struck et al. (1978) reported that glucosamine was incorporated into secreted glycoproteins and that this was inhibited by tunicamycin. In the present study, with suspensions of isolated hepatocytes, the polypeptide and carbohydrate moieties were labelled simultaneously to assess whether tunicamycin affected stages other than glycosylation. A suspension of isolated rat hepatocytes (7.5 x 106cells/ml) was prepared (Howe et al., 1980) added to one incubation to give a final concentration of 1.25 pg/ml. This tunicamycin concentration gave maximum inhibition of glucosamine and leucine incorporation into secreted proteins (T. Howe I% P. J. Winterburn, unpublished work). At intervals, samples (2ml) were removed and centrifuged at 250g for 15s. A portion (lml) of the supernatant was applied to a column (15cmx 1.5cm) of Sephadex G-25 and eluted with 0.9% (w/v) NaCl. The material eluting in the included volume was pooled, precipitated with trichloroacetic acid (final concn.
lo%, w/v), collected on a Millipore filter, dried, and the radioactivity was measured after combustion in an Intertechnique Oxymat instrument. Each cell pellet was homogenized in 2ml of deoxycholate (1% w/v), Triton X-100 (1%, v/v), 25 mM-NaC1, 5 mM-MgCl,, 25 mM-Tris/HCl, pH 7.4, and the protein precipitated with trichloroacetic acid and collected on a Millipore filter. After washing with trichloroacetic acid (lo%, w/v) containing 0.1 M-glucosamine and 0.1 M-leucine, radioactivity was measured as described above. Both leucine and glucosamine were incorporated into trichloroacetic acid-precipitable proteins secreted by the isolated hepatocytes (Fig. la) . The lag in appearance of the leucine label was approx. 25 min, whereas that for the glucosamine label was only 15 min. This difference arises from glucosamine being incorporated into .peripheral hexosaminyl and sialyl residues (T.
Howe 8c P. J. Winterburn, unpublished work) of glycoproteins in transit through the cell. The delay in leucine labelling probably reflects the time for synthesis and transit of the protein most rapidly transported through the cell. Tunicamycin had an inhibitory effect (within 15 min) on the secretion of leucine-labelled proteins. In contrast, glucosamine-labelled glycoproteins continued to be released for about 1 h before secretion ceased, probably because peripheral residues were added to preformed acceptors. The inhibitory effect was investigated in another series of experiments where the cells were preincubated with tunicamycin (1.25pg/ml) for 30 or 60min before addition of labelled glucosamine and leucine. Leucine incorporation into secreted proteins was inhibited by 7 1% and glucosamine incorporation by 92%. A study of the labelled trichloroacetic acidprecipitable material associated with the hepatocytes shows that, in the absence of tunicamycin, there is a rapid initial incorporation of both lables (Fig. lb) . Tunicamycin causes an immediate decrease in this labelling, followed by an apparent accumulation of material in or associated with the cell. Cells exposed to tunicamycin for 30min before labelling showed a 60% inhibition of the leucine-incorporation rate, whereas glucosamine incorporation was inhibited by 88%. These results demonstrate that although tunicamycin potently inhibits protein glycosylation, it also has a marked effect on protein synthesis. Furthermore, the release of proteins from the cells is affected.
